Introduction
It is well established that domesticated male sheep reared on high as opposed to low planes of nutrition attain puberty earlier in life, and that their rate of sexual development is highly dependent on food energy intake and liveweight gain (Dyrmundsson, 1973) . Their reproductive neuroendocrine system is highly sensitive to changes in nutrition (Wood et al, 1991a) , and photoperiod has minimal influence on the timing of puberty (Wood et al, 1991b) . However, breeds of sheep differ substantially in their responses to photoperiod (Lincoln et al, 1990) . Sexual activity in Merino rams, for example, is not restricted by photoperiod to rigidly timed seasons, but is highly dependent on diet (Martin et al, 1994) ; and the timing of puberty in Merino ram lambs depends on their plane of nutrition (Pretorius and Marincowitz, 1968 (Adam et al, 1995) and may provide critical nutritional feedback to the pubertal reproductive axis in rats (Hiney et al, 1996) . Intra-and interassay CVs were 9.6% and 7.4%, respectively, at 72 and 214 ng ml~, and the detection limit was 34 ng ml~.
Materials and Methods

Animals and treatments
Testosterone concentrations were determined in duplicate by the radioimmunoassay described by Adam et al (1994) .
Intra-and interassay CVs were 10.9% and 10.5%, respectively, at 1.7 and 7.5 ng ml~T, and the detection limit was 0.04 ng ml"1.
Statistical analyses
Results were subjected to repeated measures analysis of variance to determine the effects of treatments and time. Linear correlation was used to examine associations between different parameters. Group means are presented ± sem. Total skin flush scores are presented for each group.
Results
There were significant effects of diet (P < 0.001), time (P < 0.001) and diet time interaction (P < 0.001) on liveweight; each group was significantly different from the others ( Fig. la ). There were also significant effects of diet (P < 0.001), time (P < 0.001) and diet time interaction (P < 0.001) on plasma IGF-I concentrations, with each group significantly different from the others (Fig. lb (Fig. lg) (Martin et al, 1994) , and this mechanism could underlie the early difference in testis size in September between the present ad libitum-ted and restricted groups of lambs. However, the effects of improved nutrition on testicular size in both adult Merinos (Martin et al, 1994) (Renaville et al, 1993) and stags (Adam et al, 1995) , with plasma testosterone concentrations. However, the relationship between these two hormones is equivocal, with evidence available to suggest that they are secreted independently in bulls (Renaville et al, 1996) , that testosterone regulates IGF-I at puberty in baboons (Crawford and Handelsman, 1996) , and that IGF-I regulates testicular steroidogenesis in men (Spiteri-Grech and Nieschlag, 1992 (Wilson, 1995) . A decrease in sensitivity to gonadal steroid inhibition of LH secretion is a prerequisite for the final stages of ovine pubertal development (Olster and Foster, 1986) and also underlies the photoperiodically driven transition into the breeding season of adult sheep (Legan and Karsch, 1980) . Therefore, the lack of gonadotrophin stimulation by increased circulating IGF-I in (Wood et al, 1991b) , it can apparently be advanced by increased IGF-I in sheep (present study) as it is in primates (Wilson, 1995 
